Objective: To describe the distribution of hemoglobin and prevalence of anemia in Nepali children living in the Terai region by potential risk factors for deficiency. Design: This was a cross-sectional, community-based study of baseline characteristics of children enrolled in a randomized, placebo-controlled clinical trial between January and March 2002. Participants were weighed and measured and had their blood drawn. Their mothers contributed demographic, morbidity, and feeding data. Subjects: There were 569 4-to 17-month-old children. Statistical models were based on 490 children. Results: Anemia was prevalent: 58% of the children had a hemoglobin o105 g/l. Iron-deficiency anemia (anemia with erythrocyte protoporphyrin (EP) X90 mmol/mol heme) was present in 43% of the children. Severe anemia was rare: less than 2% of the children had a hemoglobin o70 g/l. The mean (s.d.) hemoglobin concentration was 101 (12.5) g/l. Stunting and wasting were prevalent: 30.8% were stunted (length-for-age Z-score oÀ2) and 18.1% were wasted (weight-for-length Z-score oÀ2). Bivariate analyses revealed that age, caste, socioeconomic status, dietary diversity, stunting, and underweight were associated with hemoglobin concentration and/or anemia. In multivariate models with and without EP, age and caste were found to be strong predictors of both hemoglobin concentration and anemia. Conclusions: Anemia and iron deficiency increased strongly with age and low-caste status among the study children. The data reveal the importance of targeting interventions to children in the first year of life before they become anemic and iron deficient.
Introduction
Anemia is a worldwide public health problem. Prevalence estimates indicate anemia is present in 43% of children less than 4 years of age (Ezzati et al., 2002) . It is caused by nutritional deficiencies (i.e., iron, folic acid, vitamin B12, and vitamin A), infection (i.e., helminth), and blood disorders (i.e., haemoglobinopathies). Among the different types of anemia, iron-deficiency anemia is the most common. The World Health Organization (WHO) estimates that 50% of anemia can be attributed to iron deficiency (DeMaeyer and Adiels-Tegman, 1985; Stoltzfus et al., 2005) . This is an estimated global average with wide variability in different locations.
For the first few months of life, exclusively breastfed normal-weight children consume enough iron from their mothers' breast milk to meet their needs. However, beginning around 6 months, infants require an additional source of iron to prevent deficiency (WHO/UNICEF, 1998). Poverty (James et al., 1997) , poor appetite from malnutrition or illness (Brown et al., 1995) , and maternal feeding beliefs and practices that may result in withholding food items from their children, such as delayed weaning (Underwood, 1985) , contribute to young children not receiving sufficient quantities of the ironrich foods that they need (WHO/UNICEF, 1998).
Iron-deficiency anemia is of concern because it is associated with behavioral abnormalities, and impaired cognitive development and function (Lozoff et al., 1988; Beard, 2001) .
Young children are at high risk for developing irondeficiency anemia because of the poor bio-availability of, and increased demand for iron in their diet. The timing of this deficiency during the most active period of brain development and the potential for irreversible brain damage adds to the concern in young children (Beard, 2001) .
The epidemiology of anemia varies substantially between different ecological and sociocultural settings and has not been previously described for children living in the lowland Terai region of south central Nepal. Therefore, our goal was to describe the prevalence and severity of anemia in young children. The purpose of the analysis was to guide the development and targeting of appropriate interventions to combat anemia in a setting that is representative of southern Nepal and northern India.
Subjects and methods

Study population
The study was conducted in the lowland Terai region of south central Nepal in Sarlahi District, which borders northern India. Subsistence farming is the primary occupation in this region. Crops include rice, maize, sugarcane, tobacco, and an assortment of vegetables and legumes. The staple meal includes rice, lentils, and a curried vegetable. Goats, water buffalos, chickens, ducks, and fish are raised and sold for meat; however, consumption is low and depends on caste and socioeconomic status (SES).
Our study was a cross-sectional, community-based investigation of baseline characteristics of children enrolled in a substudy of a randomized, placebo-controlled clinical trial of zinc and/or iron-folic acid supplementation on childhood mortality, morbidity, growth, and development (trial registered at www.clinicaltrials.gov NCT0109551) between January and March 2002. Eligible children 4-17 months of age were identified in one village development committee (VDC) from census data that were collected by study personnel between December 2000 and March 2001.
Anthropometric, socioeconomic, developmental, and nutritional status data were collected on 569 children at a special study in the clinic and in participants' homes at baseline. Fieldworkers obtained verbal consent from a parent or guardian in the child's family. The study was approved by both the Johns Hopkins University Committee on Human Research and the Nepal Health Research Council.
Blood was primarily collected using a heel-prick method to extract three drops of blood from each child. The first was wiped away, the second and third were used immediately for testing hemoglobin and erythrocyte protoporphyrin, respectively, with a Hemoglobin Photometer (HemoCue AB, Andelholm, Sweden) and a Hematoflurometer (AVIV Biomedical Inc.; New Jersey, USA). A sample of children received a venous blood draw (n ¼ 70). The intention was to measure serum ferritin; however, the venous blood draw was found to be too invasive by the study participants' parents to continue.
Fieldworkers performed daily quality control assessments with a standardized microcuvette and cover glass to test the reliability of the HemoCue and AVIV machines.
Anthropometric measures included weight, recumbent length, mid-upper arm circumference (MUAC), and head circumference. Trained fieldworkers measured weight to the nearest 100 g using a SECA floor scale (Seca Corporation; Hanover, MD, USA). Recumbent length, MUAC, and head circumference were measured to 0.1 cm using a Shorr Board for length (Shorr Productions; Olney, MD, USA), a MUAC cloth tape, and a Ross Head Circumference Tape (Holtain Ltd, UK).
Morbidity during the previous 24 h and past 5 days was assessed via questionnaire when the child came to the clinic to receive the blood draw and anthropometric measurements. Fieldworkers asked the primary caretaker whether the child had experienced fever (defined as 'hot to touch'), cough, difficult/rapid breathing (breathing faster than normal), or diarrhea (four or more loose watery stools per day).
Questions about infant feeding were asked of the child's mother by fieldworkers in the child's home. The fieldworkers read a list of 14 foods and asked whether the mother had fed her child the foods in the previous 7 days. The food list comprised the most common foods and food categories fed to young children. It was developed from formative research where mothers were asked to free list all foods they fed to infants in this age range.
Fieldworkers recorded the presence of material assets, house construction, and water source in the child's home prior to the start of data collection. These variables were later quantified and used to reflect the SES of each family. Basic demographic information including the child's sex, caste, and birth date were also recorded. When caregivers were unable to remember the exact month and day of the child's birth, local calendars with the lunar cycle and a list of local festivals were used to assist recall.
Data analysis
Data were entered at the data center in Kathmandu using SQL Server 7.0 and analyzed using SPSS 11.0. Z-scores were calculated for three of the anthropometric measures using EpiInfo (1978 reference; Centers for Disease Control, Atlanta, GA, USA). Stunting, wasting, and underweight were defined, respectively, as length-for-age, weight-for-length, and weight-for-age oÀ2 Z-scores. A diarrheal episode was defined as four or more watery stools per day (Katz et al., 1998) .
The definition of anemia used in this analysis was a hemoglobin value o105 g/l. While this number is lower than 110 g/l, the cutoff proposed by the WHO and the Centers for Disease Control (CDC) for children 6 months to 5 years, it reflects the only reference value derived from iron supplementation data that were collected from breast-fed infants (Domellof et al., 2002a) . Iron-deficiency anemia was defined as anemia with an erythrocyte protoporphyrin (EP) value 490 mmol/mol heme (Domellof et al., 2002a) .
Two scales were created as a means of summarizing dietary diversity and SES. Principal components analysis was used to extract the factors for the scales. The most comprehensive factor with the largest eigenvalue 41 was selected for a reliability analysis. Chronbach's alpha (Chronbach, 1951) was used to assess the internal consistency of the selected items.
We chose to look at dietary diversity because studies indicate that it is related to nutritional adequacy in 6-24-month children (Ruel, 2003) . Children who were exclusively breastfed or were breastfed and given only water as a supplement were placed in independent categories. The remainder of the children were categorized by the number of complementary foods they received. Nine of the 14 infantfeeding foods were incorporated into a dietary diversity scale. These foods included non-human milk, rice, flat bread, biscuits, greens and vegetables, lentils, fruit, egg, and meat. Infants do not consume large quantities of the other three foods that were omitted: watery rice gruel, corn mush, and pickled fruit or vegetable. A higher scale score reflected greater dietary diversity. Chronbach's alpha for the dietary diversity scale was 0.86.
In creating the SES scale, 12 of the 17 related questions were retained. These included the presence of the following: having a household latrine, servant, cattle, bicycle, radio, farmable land, home garden plot, second floor on the house, roof, TV, electricity in the house, and bullock cart. Data were missing for 12 of the families. These families were excluded from the final analysis. A higher score on the SES scale reflected a greater number of possessions. Chronbach's alpha for the SES scale was 0.78.
An exploratory analysis was performed on descriptive characteristics of the study sample at baseline. Bivariate relationships between hemoglobin, EP, and potential risk factors for anemia and iron-deficiency anemia were examined. Means of continuous variables and proportions of categorical variables were analyzed using t-and w 2 tests. Odds ratios were calculated. The P-values (Po0.05) associated with these were used to determine which values were retained in the multivariate linear and logistic regression models. Multivariate models were created with hemoglobin alone and then with EP to delineate the individual contribution of iron deficiency.
Results
Baseline characteristics A total of 613 children were age eligible for participation, of whom, 44 were excluded during the enrollment period when, after repeated attempts, the family could not be located at home. Data were missing from a total of 79 children, 54 of whose families were unwilling to allow study personnel to draw blood from their young children. A comparison of study infants whose parents gave consent for blood collection versus those who did not revealed no significant differences between the groups. Among the study infants, there were an equal number of girls and boys (Table 1) . The age groups were relatively evenly distributed with fewer infants in the 4-5-month category (16%) and more in the 12-14-month category (25%). In all, 61% belonged to the Vaiysha caste, ethnic Hindus who were traditionally classified as being merchants but who predominantly work as subsistence farmers and laborers today. Only 8% of study families had a household latrine. A total of 29% reported that the child had diarrhea during the 5 days prior to the clinic visit. In all, 31% were stunted, 18% were wasted, and 51% were underweight. Mean hemoglobin was 101 g/l (s.d. ¼ 12.5). The geometric mean of serum ferritin for the 70 children with these data available was 18.38 mg/l.
Anemia was highly prevalent but not very severe (Table 2) . Iron-deficiency anemia was prevalent (43%). Weight-for-length Z-score oÀ2, missing data from 83 subjects. f Weight-for-age Z-score, missing data from 82 subjects.
Of the infants, 96% had been breastfed in the 7 days prior to their mothers being questioned about infant feeding (Figure 1 ). Of these, 17.2% were exclusively breastfed. The oldest child reported to be exclusively breastfed was 10 months old. The mean number of complementary foods that the study children consumed was four. Animal foods were consumed infrequently (Figure 1 ) with only 29% of the sample eating animal foods (egg, fish, chicken, or meat) in the previous 7 days. A w 2 test revealed significant differences (Po0.01) between the feeding groups by age (Figure 1 ). With increasing age, Nepali children exclusively breastfed less and ate more rice, greens, lentils, fruit, and meat.
Risk factors for anemia and iron deficiency
In bivariate analyses, the hemoglobin values decreased as age increased and caste status decreased (Table 3) . Muslims had a lower prevalence of anemia than Shudras, the lowest Hindu caste. Hemoglobin values tended to increase with the number of possessions and decreased with the introduction of complementary foods. There were significant associations in the prevalence of anemia between the age, caste, SES, feeding and stunting groups (Po0.05). Associations observed between hemoglobin and the baseline characteristics were similar for EP. Iron-deficiency anemia was associated with age, caste, SES, feeding and stunting groups (Po0.05).
In multivariate regression models, age and caste were the only significant predictors of hemoglobin and anemia (Table 4) . Anemia and iron deficiency increased strongly with age. The oldest infants were three times more likely to be anemic than the youngest ones. Differences between caste groups among Hindus and between Hindus and Muslims were observed. Compared with the high-caste Brahmins and Chhetris, both the lower-caste Hindu groups and Muslims were at greater risk of developing anemia and iron deficiency. The risk was greatest for the lowest caste group, the Shudras.
When EP was entered into the model, only the oldest age group was significantly associated with anemia. Even after controlling for EP the 15-to 17-month-olds were twice as likely to develop anemia than the children in the youngest age category. The relation of age, but not caste to hemoglobin, is largely explained by iron deficiency.
Discussion
Prevalence of anemia and iron-deficiency anemia Anemia affected 458% of our sample of young children living in the Terai region of Nepal in the first 2 years of life. Age and caste were risk factors for anemia and irondeficiency anemia in this sample. Older, low-caste Hindu children are at greatest risk of acquiring anemia with a prevalence of 11% among 15-to 17-month-old children in the lowest caste group. The prevalence of growth retardation was also high. Caregivers fed the study infants a limited selection of complementary foods. Infants were fed staple foods such as rice and lentils more frequently than mineralrich animal foods and vegetables. There was a high prevalence of diarrhea. Previous research illustrates that different types of nutrient deficiencies have been associated with anemia in infants. This study further clarifies that iron deficiency accounts for a large percentage (about 75%) of the anemia observed in South Asian infants less than 3 years of age, but it is not the sole risk factor.
Our findings corroborate past research that illustrates the high prevalence of anemia and iron deficiency in South Asian preschool children. Our finding of 78% prevalence for anemia (110 g/l) is about the same as or higher than previous reports from similar populations of Nepali and Indian children less than 3 years of age (UNICEF, 1997; Gomber et al., 1998; Mason et al., 2001; Kapoor et al., 2002) . Of interest was the low prevalence of severe anemia (2%) in this population. It was lower than the prevalence reported for an Indian sample between 9-and 36 months of age (8%) (Kapoor et al., 2002) . Iron-deficiency anemia was more prevalent in our sample (43%) than it was in an Indian sample of 9-to 36-month-old children (41%) (Gomber et al., 1998) . In sum, our study children had a similar or slightly higher prevalence of anemia and a higher prevalence of iron deficiency than children observed in other studies conducted in the region, but the severity of their anemia was lower.
Risk factors for anemia and iron-deficiency anemia
Age and caste were found to be risk factors for anemia and iron-deficiency anemia in our sample of Nepali children under 2 years of age. The child-feeding literature highlights the risk of iron-deficiency anemia in infants who continue exclusive breastfeeding beyond 6 months of age (WHO, 1998; Dewey, 2001) . As a result of the poor bio-availability of iron present in weaning foods, and both cultural and socioeconomic factors that make it difficult for families to afford animal products rich in iron, young children often do not consume the nutrients they need (WHO/UNICEF, 1998). While this may account for some of the anemia in the older age groups, it does not explain the high prevalence of anemia in the 4-to 5-month age group. There is evidence that both body weight and birthweight are associated with Bold numbers indicate significant associations (Po0.05) between characteristic and indicator using w 2 tests for dichotomous variables and ANOVA for continuous variables. The associations were significant (Po0.01) with the exception of SES and erythrocyte protoporphyrin (EP), feeding and stunting and IDA (Po0.05). b Hemoglobin o105 g/l.
c Anemia with EPX90 mmol/mol heme. d 12-point material asset scale, missing 6. e Missing data from five subjects. f Four or 4watery stools/day in past 5 days. g Height-for-age Z-score PoÀ2, missing data from 25 children. h Weight-for-height Z-score PoÀ2, missing data from 17 children.
low iron stores in infants 4-to 18 months of age (Wharf et al., 1997) . Half our sample was underweight. Between 1998 and 2001, 43% of babies born to mothers living in Sarlahi weighed less than 2500 g (Christian et al., 2003) . It is very likely that low iron stores contributed to anemia in the young children we studied.
We found the risk of having anemia and iron-deficiency anemia was dependent on caste status. Caste is a Hindu construct that determines, among other factors, vocation, economic viability, and social hierarchy (Cordaux et al., 2004) . There is a code of behavior to which each caste group subscribes. In our study, we observed differences in the prevalence of anemia and iron-deficiency anemia between high-and low-caste Hindu groups, and the in two Hindu groups compared with the Muslims.
Cultural differences between Nepali Hindus and Muslims clearly exist. In a study conducted among pregnant women in India, investigators the found Muslim religion to be protective for anemia among adult women (Bentley and Griffiths, 2003) . In our study, the Muslim religion was not protective for anemia. Muslim children were at a slightly lower risk of having anemia and iron-deficiency anemia than the lower-caste Vaishya and Shudra infants; however, their risk was significantly higher than that of the high-caste Brahmin and Chhetri children.
We did not observe differences to be associated with hemoglobin levels or the risk of having anemia, or irondeficiency anemia by gender. This is in contrast to sex differences observed in 4-to 9-month-old Swedish and Honduran infants (Domellof et al., 2002b) . In their study, boys scored worse on four iron-status indicators than girls and were 10 times more likely than girls to have irondeficiency anemia. The authors attribute these differences to both genetic determinants and an increased incidence in true iron deficiency in boys (Domellof et al., 2002b) . Sex differences in feeding practices were not found to be present in a prior study conducted in our research area that examined the association between feeding practices and risk of xerophthalmia in Nepali children (Gittelsohn et al., 1997) .
Bivariate analyses revealed associations between stunting and anemia and iron-deficiency anemia, underweight and hemoglobin EP, anemia, and iron-deficiency anemia. However, these associations were no longer significant once they were adjusted for age and caste status in our regression models. Our findings contradict other research that has found strong associations between growth and iron-deficiency anemia (WHO/UNICEF, 1998; Lartey et al., 2000; Dewey 2001) . Despite the lack of association in our sample, growth faltering was clearly present.
In our sample, the association between dietary diversity and anemia was confounded by age. Mothers were breastfeeding (96%) more often than they were feeding their children complementary foods (73%). Rice and lentils, the two foods most commonly consumed by the majority of Nepalis living in the Terai, were fed only to 66 and 57% of the children, respectively, in the previous 7 days. Iron-rich foods -green leafy vegetables, and meat were given infrequently. The data indicate that at baseline the young children enrolled in our study were supplementing their breast milk diet with limited complementary foods, few of which could be considered iron rich. Research investigating the relation between feeding practices and the risk of xerophthalmia in Nepali children 1-6 years of age living in a neighboring VDC in Sarlahi District was consistent with our findings (Gittelsohn et al., 1997) . In the xerophthalmia study, breast milk was the primary infant-feeding food.
Complementary foods were introduced after 6 months of age; however, these foods were fed infrequently until the child turned 2 years old and began to consume more complementary foods than breast milk (Gittelsohn et al., 1997) .
Dietary diversity was not a predictor of anemia in our cohort of Nepali children; however, the question remains whether it would have been, had our sample been older. Late weaning has been found to be a significant risk factor for iron-deficiency anemia in infants 1-2 years of age (Sultan and Zuberi, 2003) . The introduction of complementary feeding programs might be one way of addressing the problem.
A recent study emphasizes the importance of quality rather than quantity when selecting complementary foods for children during the latter half of the first and second years of life (Lutter and Rivera, 2003) . Our data indicate differences in the meat consumption of different caste groups; however, the groups that are eating more meat, the lower caste Hindus and Muslims, are the same groups that are at greatest risk for acquiring iron-deficiency anemia. Traditionally, high-caste Hindus were lacto-vegetarians, consuming milk products but no eggs. These data make more sense when viewed in light of the statistic that only a fourth of the sample reported eating any meat in the 7 days prior to data collection.
In addition to the risk factors measured in this study, there are other plausible ones that have been outlined in the literature. These include deficiencies in Vitamin A, B12, and folic acid and parasitic infections. Since 1993, a countrywide Vitamin A supplementation program has been in effect in Nepal. Local village health workers give 6-60-month-old children high-dose Vitamin A supplements twice a year. The Vitamin A program has served as a preventative agent against Vitamin A deficiency in our study children. Since Vitamin B12 is found in animal products and the children in our sample were observed to consume few animal products, it is possible that Vitamin B12 deficiency contributed to the high prevalence of anemia that we observed. Folic acid does not appear to be a factor in this area. A randomized, clinical controlled trial found no effect of folic acid alone on maternal anemia or iron status after it was administered to pregnant women (Christian et al., 2003) . Plasmodium vivax malaria and hookworm are two parasites that are present in the south central Terai region of Nepal. There is evidence that malaria is associated with anemia in the study area. It was found to be a contributor to pregnancy anemia in a sample of Nepali women living in Sarlahi District (Dreyfuss et al., 2000) ; however, hookworm is unlikely to cause anemia in children as young as our sample. Further research on these factors that contribute to anemia is warranted, especially research with Vitamin B12.
In sum, these data highlight iron deficiency anemia as being a public health problem in young children living in south central Nepal. As iron deficiency anemia rises steeply in infancy, it is important to target interventions to children in the first year of life before they become anemic and iron deficient. Additionally, there is a need to design culturespecific interventions to target the most marginalized subpopulations, which in Nepal, are low caste families.
